Climate models have evolved into Earth system models with representation of the physics, chemistry, and biology of terrestrial ecosystems. This companion book to Gordon Bonan's Ecological Climatology: Concepts and Applications, Third Edition, builds on the concepts introduced there and provides the mathematical foundation upon which to develop and understand ecosystem models and their relevance for these Earth system models. The book bridges the disciplinary gap among land surface models developed by atmospheric scientists; biogeochemical models, dynamic global vegetation models, and ecosystem demography models developed by ecologists; and ecohydrology models developed by hydrologists. Review questions, supplemental code, and modeling projects are provided to aid with understanding how the equations are used. The book is an invaluable guide to climate change and terrestrial ecosystem modeling for graduate students and researchers in climate change, climatology, ecology, hydrology, biogeochemistry, meteorology, environmental science, mathematical modeling, and environmental biophysics.
Physics is an essential text for soil physics. While these books provide excellent treatment of radiative transfer, turbulent fluxes, leaf biophysics, or soil physics, they do not integrate these concepts into a complete model of biosphere-atmosphere coupling. Nor do they, or other available textbooks, extend the subject matter to include ecosystems and biogeochemical cycles. This present book covers the fundamentals of environmental biophysics, integrates those principles into a complete model, and additionally broadens the scope to cover ecosystems and biogeochemical cycles. More importantly, the book explains the numerical methods needed to implement and solve the equations in a computer model. There is an enormous leap between seeing a mathematical equation in a research paper and actually using that equation in a model. In this respect, Soil Physics with Basic (Gaylon Campbell), Soil Water Dynamics (Arthur Warrick), Numerical Methods in the Hydrological Sciences (George Hornberger and Patricia Wiberg), and AT h e o r yo fF o r e s tD y n a m i c s(Hank Shugart) are indispensable reference books in that they also provide computer programs.
Many colleagues have contributed to this book in various ways. The roughness sublayer parameterization in Chapter 6 is an outgrowth of collaborations with Ned Patton and Ian Harman. The surface energy balance bucket model in Chapter 7 was developed in collaboration with Marysa Laguë as part of her simple land model. Martyn Clark introduced me to the Picard iteration used to solve the Richards equation in Chapter 8 and also the probability distributed model of rainfall-runoff in Chapter 9, which is a generalization of the VIC model. Sönke Zaehle provided details of the implementation of the Kull and Kruijt (1998) photosynthesis in his O-CN terrestrial biosphere model. Collaboration with Danica Lombardozzi is seen in her work on photosynthesis and stomatal conductance, as is collaboration with Peter Franks on stomatal conductance. Mat Williams introduced me to his SPA model during a sabbatical visit to NCAR; the optimal stomatal conductance is described in Chapter 12, the plant hydraulics in Chapter 13, and the Norman radiative transfer in Chapter 14. Rosie Fisher also provided many insights to plant hydraulics. Ryan Knox shared details of ED2, its turbulence parameterization, and multilayer two-stream radiation. Ying-Ping Wang shared his CASA-CNP code, and Melannie Hartmann provided thorough documentation of the model; this model is the basis for Chapter 17. In his many visits to NCAR and his collaborations with the Community Land Model, Yiqi Luo shared details of the traceability analysis of biogeochemical models in Chapter 17. Quinn Thomas's and Will Wieder's insights to carbonnitrogen biogeochemistry are also seen in Chapter 17. Collaborations with Melannie Hartmann and Will Wieder are evident in the DAYCENT soil organic matter model and microbial model, both described in Chapter 18. Rosie Fisher, Ryan Knox, Charlie Koven, and Jackie Shuman provided essential background on ecosystem demography models in Chapter 19.
Review questions and modeling projects are provided with each chapter. The review questions are intended to help students and readers assess whether they understand the concepts that have been introduced. These questions are structured around several essential modeling requirements: understanding units and how to convert among the different units favored in various scientific communities, deriving equations, and knowing what the equations mean and how to use them. Modeling projects are included in each chapter. The projects Cambridge University Press 978-1-107-04378-7 -Climate Change and Terrestrial Ecosystem Modeling Gordon Bonan Frontmatter More Information www.cambridge.org © in this web service Cambridge University Press aid with understanding how the equations are used, bringing various concepts together into a mathematical model, and using models to answer research questions. The projects utilize and build upon sample code provided with each chapter. It is hoped that the sample code will inspire students and instructors to devise their own projects, tailored to their specific interests. MATLAB® is used as the computational framework to illustrate code.
1 The sample code does not take advantage of the matrix capabilities of MATLAB or its full mathematical sophistication. Rather, the code is written to explicitly show in a step-by-step manner how the calculations are performed. In particular, many example codes explicitly loop over a number of calculations, such as for soil layers, rather than using matrix algebra. The same code could be written utilizing matrix capabilities, but then the calculations would be less obvious to non-technical specialists. MATLAB purists and scientific coding experts will likely find the code offensive, but I prefer to err on the side of understandability rather than elegance.
Finally, I am indebted to Matt Lloyd at Cambridge University Press, who has supported this endeavor over the many years it took to complete, and also Zoë Pruce for her patience with this project.
The National Center for Atmospheric Research is sponsored by the National Science Foundation.
1 MATLAB is a registered trademark of The MathWorks, Inc., Natick, Massachusetts, United States.
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Mathematical Symbols
The following is a list of major symbols. Duplication of symbols is unavoidable, and the reader should always check the specific usage of a symbol within a particular chapter. Michaelis-Menten constant for CO 2 and its value at 25
Michaelis-Menten constant for O 2 and its value at 25 
